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Deficits in cognitive functioning after cerebral pathology are found in tests of memory (Schacter and Crovitz, 1977) , intelligence (Fogel, 1964; Piercy, 1964) , response time (Blackburn and Benton, 1955; Boller et al., 1970) , and other objective measures of mental functions (Harness et al., 1976) . Interpretations of deficits in a brain-damaged population are limited, however, since comparisons with normal performance do not take into account the interaction of brain disease with the patient's general cognitive functioning (Piercy, 1969) . These measures can be quite informative when considered in the context of' the patient's premorbid intellectual skills, but this information is often lacking. Test batteries especially designed to measure cognitive behaviour can avoid partly the problem of making valid comparisons with normal groups by allowing the patient to be his own control, since he would display a cognitive profile reflecting different relative performance among subtests of the cognitive battery (Chapman and Wolff, 1959) . The advantage of the profile approach is that a patient's cognitive status is described more completely but with minimal dependence on premorbid information, or complications of interpretation as a result of the general effects of deterioration (Benton, 1974) .
The main problem is to decide which battery of tests gives the best profile of cognitive function. The battery presented here was constructed by working backwards from empirical evidence, and is designed to compare functions in the two anatomically and functionally distinct cerebral hemispheres (Bogen, 1969) . Whereas most other test batteries are combined post hoc to estimate left and right cerebral functions, these tests were selected from those which have already shown preferential performance by processes attributed to the left or the right cerebral hemisphere. completion of forms (Nebes, 1974) , recognition of faces (De Renzi and Spinnler, 1966; Benton and Van Allen, 1968) , orientation in space (Benton, 1969; Benton et al., 1975a) , and recognition of patterns (Meier and French, 1965) . The relative evaluation of right and left hemispheres has two major advantages, First, since each patient serves as his own control, a cognitive profile ofcertain functions relative to others reduces the importance of general deterioration and overall performance. Secondly, a difference score calculated for the relative functioning of each hemisphere (Gordon, 1979) (Fig. la) . A trial consisted of one sequential illumination of either three, four, or five squares in a 'preprogrammed order. The stimulus sequence was followed by a second presentation in the same spatial location but either in the same or different sequential order. The subject's task was to report whether the (Wechsler, 1955) . A series of digits of increasing length (3,4, . .) was presented orally at a rate of about one digit per second. In the first part of the test the subject repeated the series verbatim until he reached his maximum level; in the second part he repeated the digits in the reverse order. The score was the sum of the highest level attained in each part.
Verbalfluency (Benton and De S. Hamsher, 1976) The subject was requested to write as many words as possible in one minute's time that started with a given letter of the Hebrew alphabet. Proper names and multiple word forms-for example, plurals, tenses and so on-were not permitted. This test was repeated twice more, each time with a different letter. The letters were chosen according to a relatively high (but not the highest) frequency of words that start with each letter. The score was the total number of words from all three parts.
UNPAIRED TESTS: RIGHT HEMISPHERE
Block design This test was taken from the WAIS (Wechsler, 1955) using the standard administration and scoring. Cubes (30mm on a side) differently painted red and white on each of their faces, were presented for construction of mosaic patterns presented on a stimulus card. Six patterns required four blocks, and four patterns required nine blocks. The constructions were scored for correctness within a time limit plus bonus points for fast constructions of the more difficult patterns.
Object assembly This test was also taken from the WAIS (Wechsler, 1955) . Four sets of cardboard puzzle pieces were presented to be assembled into the proper object forms. The productions were scored for correctness and speed of completion.
Facial recognition test (Benton et al., 1975b) , A full face photograph of a man or woman served as the test item. The subject was requested to identify the same face from among six response choices which were also photographs of faces but viewed from different angles or in different light conditions. In the first six trials one face was to be chosen from among the six. In the remaining 16 trials the test face was to be found three times among the six. The score was the number of correct faces identified (54 maximum).
GENERAL PROCEDURE
The subjects sat in a comfortable chair, in a quiet room. Administration of the battery of tests began with the letter search and the letter recognition matched pair test. Facial recognition was given next, followed in order by digit span, block design, object assembly, and word fluency. The paired light sequence and light pattern tests were presented last. Unlimiled break times were allowed between the tests upon signs of fatigue or at the patient's request. Breaks never exceeded 10 minutes, and the entire test battery never exceeded 70 minutes including breaks. Hand laterality was assessed by a standard questionnaire (Oldfield, 1971 (Fig. 2) . The A and P values were then used to derive a single score, constructed not so much to determine the overall ability of a subject but rather to assess his relative ability in left-right hemispheric functions (Bogen et al., 1972) . In the present formulation this (Gordon and Melamed, 1978) , is simply the difference in the measures for the two hemispheres: CLQ = A-P. Patients with left hemisphere damage would be expected to have CLQs greater than zero while patients with right hemisphere lesions would have negative CLQs. Non-neurological subjects would fall near zero. The validity of the test battery can be assessed by predicting the side of the lesion on the basis of the CLQ score. Accordingly the numbers of subjects with CLQs less than (an arbitrary) -0.5 or greater than 0.5 or in the middle region were tabulated (Table 3) . No subjects with left hemisphere damage had a CLQ less than -0.5 and no subjects with right hemisphere damage had a CLQ greater than 0.5. Most of the control subjects (63 %) fell within the centre region while only a minority (27 %) of the unilateral patients did. Despite the arbitrary cut-off points for the CLQ this crude distribution was nevertheless different from chance (x2 = 40.33, P < 0.005 (df= 4), two-tailed), and correctly sorted the two lesion and control groups into their respective categories more than 67 % of the time. The separation of the groups is clearer in more continuous representation of the distribution (Fig. 3) .
Standardisation of the subtests will give this battery an even higher value. The Z scores would be then calculated relative to the normal performance, and the CLQ would become an effective measurement of cognitive functions for each patient. Whereas a In this new calculation ofthe CLQ where the control group is used as an estimate of the population, nearly all (93 %) the patients were correctly categorised. All 16 right damaged patients had CLQ <0, and 12 out of 14 left damaged patients had CLQ >0. One of the two misclassified patients was left handed.
In the event that a long testing session was not practical, an assessment was made on the validity of the paired tests for the light-sequence-patterns test. For left damaged patients the score for the sequential Table 4 Mean performance of the left hemispheredamaged and right hemisphere-damaged group on the right hemisphere tests (A), the left hemisphere tests (P), the relative performance (A-P), and the total performance (A-+P). (Bever, 1975) differs among non-right handers, women, and (possibly) inverted writers, not to mention subjects with early brain injury. The final complication in using the CLQ as a localising measure is the lack of knowledge of the subject's premorbid cognitive profile. A right hemisphere lesion in a person who is considerably more skilful in global, spatial, orientational processes may cause only a partial loss of these functions so that they may still be superior to the logical, analytical functions of the left hemisphere. Therefore, the contribution of a neuropsychological measure for the diagnosis and treatment of patients is less valuable for localisation or measurement of intelligence than for description of cognitive abilities.
An example of how the cognitive profile can be helpful in retraining specific cognitive functions can be seen in the acquisition of reading ability in an alexic woman (Carmon et al., 1977) . This patient had a left hemisphere stroke which produced alexia with agraphia but only a mild anomia. Cognitive testing revealed good performance of right hemisphere tests and poor performance on nonverbal, left hemisphere tests as may be expected from the pathology. Successful retraining in reading progressed through methods that favoured right hemisphere capabilities, at a time when aphasia worsened. For other disorders producing abnormal cognitive behaviour, the role ofthe CLQ has special significance. Preliminary evidence, for example, has shown that demented patients have a large deficiency in performance-a very low CTQ-but a greater deterioration in the right hemisphere relative to the left-a negative CLQ (Bentin etal., 1978) . Also Parkinsonism patients have a greater (less negative) CTQ than demented patients but have a larger CLQ, indicating an even greater right hemisphere deterioration relative to the left (Bentin, Silverberg, and Gordon, in preparation) .
Developmental dyslexia is yet another example of a disorder in which more patients have a CLQ different from zero, but in this case highly positive. In other words, left hemisphere performance (not specifically verbal) is considerably underdeveloped relative to normal or above normal right hemisphere development (Carmon et al., 1978) . The CLQ was also positive in the male siblings of dyslexic children, implying that the genetic role in congenital dyslexia may be a predisposition to a particular cognitive profile of which dyslexia is a part (Gordon and Melamed, 1978) .
The validity of these test batteries in the measurement of right and left hemisphere functions is clear from the results. This does not mean, however, that these are the only tests or that the best have been found. Indeed, other cognitive subdivisions have been distinguished (Luria, 1966) Other problems such as time of presentation and instrumentation need to be overcome. It was encouraging that one paired test was a good predictor of side of lesion, implying that the length of the battery may be considerably reduced. Also, the technology is available to produce small, inexpensive audiovisual units for individual neuropsychological testing.
A more serious problem is that some subtests require motor skills-for example, arranging blocks, producing words (fluency), and so on-where others do not. Patients with motor symptoms like those with Parkinson's disease might be handicapped, thereby biasing their CLQ. Although studies suggest that rigidity, tremor, and akinesia do not significantly influence the performance on the Performance Scale of WAIS in patients with Parkinsonism patients (Loranger et al., 1972) , the left and right batteries should be balanced with respect to this problem. Again, the use of paired tests will provide a partial solution.
A clinical diagnosis of aetiology, size, location, etc of cerebral pathology is best made by the appropriate neurological or surgical techniques. A neuropsychological test battery can only contribute in a confirmative capacity but it cannot be used in isolation for these purposes. On the other hand, the usefulness of neuropsychological testing is well known for assessing the cognitive function of patients, either to establish a degree of overall performance (or deterioration) or to define a type of intellectual loss. The test battery suggested here is designed to measure the cognitive function of the right and left cerebral hemispheres. The dichotomy was chosen as a first step because it reflects the relative behavioural output of two distinct anatomical structures. The Cognitive Laterality Quotient provides a profile of hemispheric function emphasising a kind of thinking rather than an amount. 
